A pirólise rápida do ácido oleico foi estudada sobre catalisadores com 10% Ni suportados em sílica e alumina. Os catalisadores foram impregnados com 10% m/m de ácido oleico. Os precursores secos e os catalisadores contendo ácido oleico foram caracterizados por análise termogravimétrica. Os catalisadores calcinados foram analisados por difração de raios X (XRD) e redução à temperatura programada (TPR). As amostras com ácido oleico adsorvido foram submetidos à pirólise rápida a 650 °C. A pirólise de ácido oleico puro levou a 10% de conversão, enquanto a pirólise catalítica resultou em praticamente completa conversão. O catalisador NiO/alumina produziu mais hidrocarbonetos do que o NiO/sílica. Os principais produtos obtidos com NiO/sílica foram 1-alcenos, enquanto que os principais produtos obtidos com NiO/alumina foram isômeros de alcenos e aromáticos, e pequenas quantidades de compostos oxigenados, principalmente álcoois. A pirólise rápida de ácido oleico adsorvido em catalisadoras representa um método útil para distinguir as propriedades dos catalisadores e suas diferentes atividades.
Introduction
Upgrading of vegetable oils and related compounds to obtain liquid fuels has been extensively studied since the end of the 70's. Two important chemical routes have been used: transesterification and thermochemical processes, these latter either through cracking or hydrocracking.
triglycerides with catalysts similar to the ones used in the hydrotreatment processes. For example, Eni S. p. A. and UOP LLC are using the Ecofining™ technology to obtain green diesel, a qualitative biofuel. 10 When carried out in the presence of hydrotreating-type catalysts, at hydrogen pressures higher than 3 MPa and at temperatures between 300-400 °C, hydrocracking of triglycerides leads to important amounts of saturated linear hydrocarbons, with a high selectivity towards C16-C18 molecules. 5, 11 During hydrocracking two main routes have been observed: decarboxylation and decarbonylation (DCO). In both of these reactions the triglycerides are initially transformed into fatty acids that can lose CO 2 and CO + H 2 O, producing hydrocarbons which have a carbon chain with one less C atom than the fatty acid from the initial feed. 5 A third reaction is also observed in the presence of hydrogen and is considered as hydrodeoxygenation (HDO). In this case, oxygen is eliminated from the intermediate fatty acid as H 2 O and the main hydrocarbon molecules formed have the same carbon number as the starting fatty acid chain. 5 Because the HDO reaction consumes important amounts of hydrogen, studies aiming at favoring DCO over HDO are important. Kubicka and Kaluza 12 showed that hydrotreating-type catalysts containing only Mo species favor HDO during rapeseed oil hydrocracking, whereas the addition of Ni favors DCO. Kubicka et al. 13 also showed that Ni-Mo catalysts with the same composition and the same method of preparation have HDO activity varying with the nature of the support. Therefore, modification of the composition of catalysts appears as an effective way to direct hydrocracking of triglycerides towards DCO.
In order to limit hydrogen consumption, cracking of triglycerides and/or model compounds in the absence of added hydrogen has been considered. Cracking without a catalyst leads to a large family of deoxygenated liquid organic compounds, such as alkenes and alkanes, together with oxygenated compounds, such as carboxylic acids, ketones, aldehydes and alcohols. [14] [15] [16] [17] When using catalysts, the degree of deoxygenation is generally enhanced. 18 In such cases, the C number in the products is not always lower than the C number of the original feed. [19] [20] [21] When the catalysts have strong acid sites, the amount of liquid alkenes and alkanes is decreased whereas important amounts of aromatic compounds are formed. 22 Numerous studies have considered the use of model compounds to help understand some mechanistic aspects of the decomposition of triglyceride molecules due to their high complexity. Together with the cracking of saturated fatty acids, like stearic and palmitic acids formed during the hydrocracking of triglycerides, the use of oleic acid as a model molecule has been used to simulate what can occur in the absence of added hydrogen. [21] [22] [23] [24] [25] [26] [27] [28] [29] A recent study on the pyrolysis of oleic acid in an autogeneous atmosphere, between 350 and 450 °C, confirmed that both decarboxylation and decarbonylation took place in the reactor, but also revealed internal cracking at the allylic C position, leading to a predominance of C6-C10 hydrocarbons in the liquid products and the formation of C9 and C10 fatty acids. 30 The amount of fatty acids decreased when the temperature of pyrolysis was increased, whereas the amount of mono-and poly-aromatic compounds increased. A recent study from our group described the flash pyrolysis of micro amounts of fatty compounds adsorbed on different solid catalysts, NaZSM-5, HZSM-5, g-alumina, SAPO-5 and NiMo/SAPO-5, as a rapid way to screen some catalyst properties and confirm the presence of even minute amounts of products, especially primary reaction intermediates. 31 The present work studies the flash pyrolysis of oleic acid, as it is the main fatty acid in most triglycerides taken from vegetable oils. Supported nickel catalysts were used to increase the deoxygenation process. We pre-adsorbed a very small amount of oleic acid on the surface of the catalysts in order to limit the influence of pyrolysis without catalyst. Thus, we could study the role of the catalyst in the initial steps of the decomposition of oleic acid.
Experimental

Preparation of the catalysts
Supported nickel catalysts with 10 wt.% Ni (as NiO) were prepared by impregnation with an excess of aqueous solution of nickel(II) nitrate hexahydrate (Merck PA). The supports used were a transition alumina (Pural Sasol), and a commercial silica (Kali Chemie AF125), both in powder form. The solids obtained after evaporation in a rotating device were dried at 110 °C in static air, manually ground for homogenization and calcined under air at 650 °C (heating rate of 10 °C min -1 ) to generate the calcined catalysts precursors. Supports impregnated with pure water were treated in the same way as the supported catalysts in order to have a true reference carrier when necessary.
Addition of oleic acid onto the catalysts
NiO/silica and NiO/alumina after a new drying at 150 °C were mixed with small amounts of pure oleic acid (OA) (Sigma Aldrich > 93%), in a mass proportion of 1 g of catalyst for 0.1 g of OA, under permanent manual agitation to allow complete spreading of the OA. At the end of this "pseudo" impregnation, the catalysts maintained their powder form. They are referred to as OA/NiO/support in Vol. 25, No. 12, 2014 the following sections. The use of a high catalyst:reactant ratio was to provide high availability of catalytic sites and minimize the influence of thermal pyrolysis.
Characterization of the catalysts
Pure nickel nitrate and nickel nitrate deposited on both supports at the end of the drying treatment, as well as OA/NiO/silica and OA/NiO/alumina, were characterized by thermogravimetric/differential thermal analysis (TG/DTA) using a Perkin Elmer STA 6000 instrument. The experiments were conducted under a synthetic airflow rate of 20 mL min -1 between 30 and 600 °C at a heating rate of 10 °C min -1 . The reduction of supported NiO was done using a homemade temperature programmed reduction (TPR) equipment, at a heating rate of 10 °C min -1 up to 800 °C, using a mixture of H 2 /argon (1.5 vol.% of hydrogen) with a gas flow rate of 70 mL min -1 . The supports, the calcined NiO supported samples and the reduced catalysts at the end of TPR were characterized by X-ray diffraction (XRD) (Shimadzu diffractometer, model 6000) using the CuKα radiation, between 10 and 80° at a scanning rate of 2° min -1 . The accelerating voltage and the current employed were 40 kV and 30 mA, respectively. The acidity of the catalysts was determined by using pyridine as probe molecule in the same TG Perkin Elmer equipment. An amount of 3 mg of catalyst was pre-treated from 35 to 110 °C for 30 min to remove humidity and then heated to 550 °C at 20 °C min -1 to remove chemisorbed water. After cooling the sample an amount of 1 µL of pyridine per mg of catalyst was carefully added to the catalyst at 120 °C. The desorption of pyridine excess was carried out at the same temperature until reaching equilibrium, after about 60 min. The chemisorbed pyridine was desorbed by heating up to 550 °C at 10 °C min -1 and the loss of mass was recorded with temperature. Specific surface area of the catalysts was determined by the Brunauer-EmmettTeller (BET) method in a Quantachrome NOVA-2000 equipment at 77 K (-196 °C) with nitrogen adsorption. Samples were pre-treated at 250 °C for 2 h under vacuum before measurement.
Flash pyrolysis experiments
The flash pyrolysis of pure OA and OA adsorbed on both NiO/supported samples were performed in a Pyroprobe CDS-5200 micropyrolysis set up, linked to a gas chromatography/mass spectrometry (GC/MS) analysis system (Shimadzu GC-MS QP 2010 Plus). The powdered sample of the OA/catalyst was placed in a 2 mm × 25 mm quartz tube between quartz wool plugs, in an amount of around 1.0 mg of catalyst with 0.1 mg of impregnated oleic acid. The quartz tube was placed inside a resistive platinum coil heater. The flash pyrolysis was conducted at 650 °C for 0.25 min, at a heating rate estimated as 1000 °C min -1 with a helium flow rate through the sample of 150 mL min , with a 10 min stay at 280 °C. The ion source was maintained at 280 °C and the interface at 290 °C. The m/z data were measured between 40 and 400. The chromatographic peaks of the pyrolysis products were identified using the National Institute of Standards and Technology (NIST) library standards as well as comparing with data from the literature. The probability of products identification was better than 90% for the great majority of the peaks. The standard deviations of the main peaks in some replicated experiments were smaller than 25%.
Results and Discussion
Characterization of the catalysts Figure 2 presents TG and derivative thermogravimetry (DTG) curves obtained during the decomposition of nickel nitrate hexahydrate either pure or impregnated on both alumina and silica. The decomposition of pure nickel nitrate shows four main mass losses, with maxima at around 100, 180, 240 and 320 °C. The three low temperature mass losses are attributed to water loss, whereas the high temperature event is due to NO x release. 32, 33 Above 650 °C, no further mass loss was observed suggesting a complete decomposition of pure nickel nitrate to nickel oxide. In the presence of both supports, a first mass loss ending between 150 and 170 °C is attributed to water release from the support. Further mass losses vary with the nature of the support, a clear mass loss process appearing only with nickel nitrate deposited onto silica, with a maximum rate at around 270 °C. The other steps are not well resolved. Table 1 shows the mass loss percentage from the decomposition of pure or supported nickel nitrate on silica and alumina, obtained from the TG curves. Figure 2 and Table 1 show that the decomposition temperature of the nickel nitrate for the release of NOx follows the order: NiO/alumina > NiO/silica. This suggests that the interaction of the nickel with alumina is higher than with silica.
The DTA curves presented in Figure 3 show some similarities to the DTG curves, all thermal processes being endothermic. For pure nickel nitrate, there are five main peaks, the first one with a maximum at 50 °C, due to both a fusion process of the hydrated salt and the loss of a first molecule of water. The second, third and fourth events at around 100, 200 and 250 °C are essentially due to water release, whereas the fifth one, with a maximum at around 320 °C is due to NO x elimination. For the supported materials, the low temperature endotherm is due to water elimination from the supports, the process ending at 180 °C. The endothermic peaks observed at around 270 °C for both nickel/silica and nickel/alumina precursors are attributed to NO x elimination. In this latter case a stronger interaction of the nickel precursor with alumina decreases the decomposition rate of the precursor. TG curves in Figure 2a show that the decomposition of nickel nitrate on silica is faster than on alumina. In both Figures 2 and 4 , no further mass loss and/or clear thermal event occurs above 500 °C, suggesting that the precursor salt of nickel is fully decomposed at this temperature. The difference in decomposition behavior between both supported materials suggest that the interaction of the impregnated nickel salt is different on both supports, a situation that may lead to different interactions with the support of the NiO particles formed at the end of heat treatment, in agreement with data from the literature.
34 Table 2 gives some properties of the supported catalysts either in oxidized or reduced form such as temperature reduction interval, crystallite mean size, specific surface area and acidity. This table shows that the reduction of NiO/silica is completed at 460 °C, whereas the reduction of NiO/alumina is completed at 750 °C. The rather low reducibility of the present supported NiO is essentially due to the experimental conditions used, where the partial pressure of hydrogen is low. As the reduction rate of ).
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2437 Vol. 25, No. 12, 2014 unsupported nickel oxide presents a positive reaction order regarding the hydrogen pressure, the low pressure used in the present TPR experiments does not favor the metal reduction, but it may allow possible NiO-support interactions during the heating ramp, increasing the temperature of the reduction process. Such situation may affect the final state of the reduced nickel. 35 The reduction temperature of nickel oxide on alumina is higher than on silica suggesting that the interaction of NiO with alumina is higher than with silica. A limited formation of nickel aluminate, at the interface between alumina and supported NiO particles, can also be advocated to explain the lower reducibility of alumina supported nickel oxide. This situation will be further discussed during the analysis of XRD data (Figure 4 ). Table 2 also shows that the specific surface area of NiO/silica is twice as much the area of NiO/alumina. The acidity of NiO/alumina (0.15 mmol of pyridine g -1 ) is almost three time higher than the acidity of NiO/silica. Figure 4 presents the XRD diffractograms for silica, NiO/silica, reduced Ni/silica after TPR, alumina, NiO/alumina and reduced Ni/alumina. The XRD results of the silica supported catalyst present a wide peak at 2θ = 22°, due to the quasi amorphous structure of the silica and diffraction lines at 2θ = 37, 43, 63° typical of NiO. 36 Diffraction lines attributed to metallic nickel Ni 0 (2θ = 45, 52 and 76°) are observed after TPR, the amorphous line of silica support being unaltered. Therefore, on silica, supported NiO is obtained at the end of the calcination at 650 °C of the supported nickel nitrate, and metallic nickel at the end of TPR.
In Figure 4 , the XRD diagram of alumina is very typical of transition alumina. The lines at 2θ = 19, 32, 37, 39, 45, 60 and 67° are close to those described in the case of g-alumina. 37 In this case, peaks due to alumina and NiO are partially merged. Only the diffraction lines of NiO at 43 and 63° are clearly observed. This observation confirms that with alumina, NiO is also obtained at the end of the calcination at 650 °C. However, Figure 3 shows that the presence of nickel aluminate NiAl 2 O 4 cannot be ruled out since its XRD lines overlap with the lines characteristic of transition alumina. 38 After TPR, Ni 0 diffraction lines are clearly present at 2θ = 52 and 76°. Therefore, although the reduction process of the catalyst supported on alumina requires higher temperature under TPR conditions than the reduction of the catalyst supported on silica, the reduction mainly transforms NiO to metallic nickel in both cases. We were able to estimate a crystallite size of (Table 2) . 39 Therefore, after reduction, the Ni crystallite size is different on silica and alumina, probably as a consequence of the differences of NiO interaction with both supports. These differences of interaction probably started during impregnation/drying and/or decomposition processes of the nickel precursor as suggested by the different decomposition profiles observed in both DTG (Figure2) and DTA (Figure 3 ). Table 2 also shows that the particle size of NiO on silica is bigger than the size of NiO on alumina.
DTG of oleic acid, either pure or adsorbed on NiO/support catalysts Figure 5 presents the TG and DTG curves obtained under nitrogen atmosphere for OA/NiO/silica, OA/NiO/alumina and pure OA as reference. For pure OA, a single mass loss is observed with the maximum rate at around 260 °C. In the case of OA adsorbed on both catalysts, after a mass loss before 150-200 °C attributed essentially to water desorption from the catalyst surface, the main mass loss occurs at higher temperatures by comparison with pure OA mass loss. Thus, the adsorption of OA onto the catalysts increases the temperature of the mass loss due to OA release and/or decomposition. Furthermore, the differences in mass loss profiles for pure OA and OA adsorbed on both NiO/alumina and NiO/silica catalysts, as well as the differences in the temperature of maximum mass loss rate, indicate that the strength of OA adsorption varies with the nature of the catalyst. Consequently, it can be supposed also that the pyrolysis of OA, either unsupported or supported on both catalysts will generate different families of products, both catalysts retaining more strongly some pyrolysis products when compared with pyrolysis without catalyst. One further point must be added: above 600 °C, no clear mass loss event is observed, justifying in part, together with literature data, 17 the choice of 650 °C as the final flash pyrolysis temperature used in the next section.
Flash pyrolysis of oleic acid, either pure or adsorbed on NiO/support catalysts Figure 6 shows the peaks of products (pyrogram) obtained during the flash pyrolysis at 650 °C of pure OA and OA adsorbed on both NiO/silica and NiO/ alumina. Table 3 summarizes the main classes of products identified. During the pyrolysis of pure OA, the percentage of the products formed up to the retention time of 41.1 min represents less than 10% of the whole area of the pyrogram. The main peaks on the right side of the pyrogram, with retention times equal and higher than 41.1 min are due to C14 and C16 fatty acids and to untransformed C18 oleic acid (retention time of 52 min). That part of the pyrogram represents more than 90% of the area of the whole pyrogram. Therefore, during the flash pyrolysis of pure OA at 650 °C, fatty acids with shorter C chain are obtained before DCO can occur. At retention times lower than 41.1 min, many other oxygenated products are found: among them, dodecanoic (0.25%), undecylenic (0.16%), decanoic (0.41%), octanoic (0.31%), 7-octenoic (0.07%), heptanoic (0.10%) and acetic (0.09%) acids are identified. Aldehydes, alcohols and ethers are also identified. Finally, the amount of deoxygenated compounds, mainly monounsaturated alkenes, does not represent more than 3.8% of the whole pyrogram. Hence, the flash pyrolysis of pure OA in the present experimental conditions is limited and does not favor deoxygenation. The two pyrograms obtained when OA is adsorbed on both NiO/silica and NiO/alumina hardly show the presence of residual unconverted OA: the contact between the catalyst surface and the adsorbed OA allows a complete transformation of oleic acid. Contrary to pyrolysis without catalyst, the pyrolysis in the presence of catalysts reveals the formation of a very important amount of light products. Among these products it is possible to observe peaks due to homologous compounds like 1-alkenes (peaks 1, 3, 4, 5, 6), as shown in Figure 7 , where the names of organic compounds are attributed to some peaks between the retention times of 5 and 25 min. Table 4 gives the semi-quantitative distribution of the deoxygenated compounds (area percentage of saturated, monounsaturated, polyunsaturated and aromatic compounds). Whereas Table 3 indicated that the amount of deoxygenated compounds (hydrocarbons) is practically similar for both OA/NiO/alumina and OA/NiO/silica, Table 4 shows important differences between the distribution of the hydrocarbon families obtained after pyrolysis at 650 °C of OA adsorbed onto both catalysts: in the case of NiO/alumina, the pyrolysis of OA leads to an important amount of aromatic products, a family of compounds produced in a much lower amount with OA/NiO/silica. On the other hand, OA/NiO/silica produces more alkanes, alkenes and polyunsaturated hydrocarbons, such as dienes, trienes and alkynes than OA/NiO/alumina. Table 5 identifies the main aromatic products formed during pyrolysis with both catalysts. In the case of pyrolysis of OA without catalyst, no aromatic compound was detected analyzing peaks with a percentage area equal to or higher than 0.06%. For OA/NiO/silica, together with benzene, linear alkylbenzenes with lateral chain containing 1, 2, 3, 4 and 6 C were found, as well as one dialkyl benzene. For OA/NiO/alumina, more than 50 aromatic compounds were detected, among them linear alkylbenzenes, with lateral carbon chain between 1 and 11 C, representing more than 50% of all the aromatic compounds detected. A few number of alkenyl benzenes, an important number of di-and trialkyl benzenes and a rather large number of polyaromatic compounds, such as indane/indene, naphthalenes and fluorene, either unalkylated or with limited alkyl chains, were also identified. Table 6 summarizes the amounts of monoalkyl benzenes formed with both OA/NiO/silica and OA/NiO/alumina. Monoalkyl benzenes have been observed in preceding studies dealing with cracking/hydrocracking of fatty compounds, but up to the time of our study, a general sequence of alkyl benzenes as observed with OA/NiO/alumina Table 5 . Main aromatic compounds formed during the pyrolysis of oleic acid adsorbed on both NiO/alumina and NiO/silica. The second column is the retention time t R (min), the third is the name of the aromatic compound, the fourth is the chemical formula, the fifth and sixth are the area percentage from the pyrogram, respectively on NiO/alumina and NiO/silica has not been reported. 30, 40 In the industrial production of linear alkyl benzenes for detergent applications, the alkylation of olefins is conducted in the presence of a strong acidic medium, either with HF, or more recently with zeolite-type heterogeneous catalysts.
41, 42 The mechanism of this type of catalytic alkylation implies the participation of carbocations and acidic sites. Such a mechanism is rather unexpected under present conditions, although the carboxylic moieties may form acidic OH groups on metallic or support surface sites after adsorption of the acidic function under the form of carboxylate species. 43, 44 However, alumina-supported nickel catalysts have shown very high activity and selectivity in the alkylation of benzene with propene to form cumene. 45 Therefore, alkylation with supported nickel catalysts is possible, although the conditions of the present study are different from the conditions used by Jian et al.. 45 Maybe under the present experimental conditions, the linear alkyl benzenes have essentially been formed through an internal aromatization after or during decarboxylation. Molecules, such as linear alkyl cyclopentenes or linear alkyl cyclohexenes able to lose hydrogen on nickel sites to transform the alkylated cycloolefins to alkylated benzenes, are probably used as intermediate molecules. In fact, small amounts of cyclopentenes with linear alkyl chain containing 3, 4, 5, 7 and 8 C, and cyclohexenes with linear alkyl chain with 4 and 6 C have been identified. However, the exact mechanism of formation of the family of alkylbenzenes during the pyrolysis of OA adsorbed on NiO/alumina is still unkown. Table 7 shows the amounts of linear 1-alkenes in the 3 experiments. Whereas this amount is very limited for the pyrolysis of OA without catalyst (1.8%), both NiO/ alumina (20.7%) and principally NiO/silica (33.5%) decomposed OA towards 1-olefins with satisfactory selectivity. Although both catalysts help to decompose the adsorbed OA fully, differences in product distribution is clearly observed. It seems evident that the higher acidity of NiO/alumina compared with NiO/silica ( Table 2) must play an important role in the formation of the isomers of linear olefins and in the formation of aromatic compounds, these latter compounds being probably formed also due to the dehydrogenating properties of nickel sites. Hydrogen transfer pathways, advocated for example during the decomposition of saturated fatty acids on activated alumina may probably occur in the present experimental conditions, together with the participation of adsorbed hydrogen on the metallic nickel surface, as hydrocarbons are able to reduce nickel oxide to metallic nickel at temperatures in the 400-500 °C range. 19, 46 Although the amount of oxygenated compounds is not very high, it is important to indicate that CO 2 and acetates were observed with the NiO/alumina sample, but not with NiO/silica. Such a situation is probably linked to the partial adsorption of oleic acid through carboxylate species on the alumina surface, such species being practically absent when the adsorption occurs on the silica surface. 43 Among the other oxygenated compounds, carboxylic acids are observed in greater amount with NiO/silica (1.15%) than with NiO/alumina (0.41%), in agreement with the better deoxygenation properties of this latter catalyst. In the same way, more alcohols are formed when pyrolyzing OA on NiO/silica (5.12%) than on NiO/alumina (2.91%). But a large majority of these alcohol and acid molecules are susceptible to transformation into unsaturated hydrocarbons when the experimental condition is slightly changed, DCO and dehydration being rather frequent reactions. A last point can be mentioned, dealing with the identification of some ketones in the condensable pyrolysate. In this case, the Table 6 . Area percentage of alkylbenzenes formed during the flash pyrolysis of pure OA, and OA adsorbed on both NiO/silica and NiO/alumina as a function of the number of C in the alkyl chain C number in the alkyl chain C0  C1  C2  C3  C4  C5  C6  C7  C8  C9  C10  C11  Total  area / %   OA  ----------- The present results confirm that during the decomposition of oleic acid adsorbed on the catalysts, cooperative processes occur between the support surface and the active phase surface. On the one hand, the products are different from the products obtained during cracking without catalysts and therefore, the thermal decomposition has limited importance; on the other hand, both catalysts also generate not always similar products, indicating that the adsorption properties on both catalysts are different. Therefore, as was advocated in a preceding publication, it is confirmed that the present experimental conditions using flash pyrolysis of adsorbed species can be seen as a "pseudo" catalytic test, helping a description of the potential properties of a catalyst before its use in more classical flow or batch reactors.
31
Conclusions
The flash pyrolysis of oleic acid adsorbed on supported nickel catalysts generates complete decomposition of the fatty acid whereas the pyrolysis without catalyst allowed a decomposition lower than 10%. The products of pyrolysis with supported nickel catalysts were highly deoxygenated, and hydrocarbon content close to 80% was observed in both cases. The selectivity to hydrocarbons was different for both catalysts: an important amount of 1-alkenes was obtained with oleic acid adsorbed on NiO/silica, whereas NiO/alumina generated more alkene isomers, more polyunsaturated hydrocarbons and more aromatic compounds than NiO/silica. The differences of selectivity can be linked on one hand to hydrogen transfer occurring when alumina is used as support, and on the other hand to different adsorption modes of oleic acid on both catalysts, with the carboxylate species probably being more important with alumina support than with silica support. The flash pyrolysis of adsorbed fatty compounds can be proposed as a quick "pseudo" catalytic test to select catalysts before long term reactions are initiated.
